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[37] ABSTRACT

A thermal ink-jet head of the present invention is §O
designed as to improve operating frequency by surely trap-

ping foreign substances and reducing the influence of a cross
stroke. In the thermal ink-jet head of the present invention,

a channel wafer is provided with a mozzle channel, a
coupling flow channel, and an ink reservoir. A proteciive
layer and a polyamide layer are formed on a heater wafer,
The polvarnide layer is provided with pits extending from a
heating element up to the coupling fiow chanmel and a
bypass pit for coupling the ink reservoir and the coupling
flow channel. Foreign substances are trapped at the entry
port of the bypass pit and the entry port of the coupling flow
channel. The pit controls the growth of the bubble by eating
away the front end of the heating elernent and reducing its

rear end. Moreover, the polyamide wall at the end of the pit
is made semicircular to suppress the propagation of the
pressure toward the coupling flow channel and to reduce the
cross stroke by means of the coupling flow channel. The

channel pressure wall at the end of the nozzle channel is
nsed to reduce the flow channel resistanc
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1
THERMAIL INK-JET HEAD

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a thermal ink-jet head
which produces air bubbles in ink by using of heat generated
by a resistive element for producing bubbles and jets the ink
from nozzles by means of the air bubbles thus produced. so
as to execute recordings, and more specifically, relates to an
ink: flow channel stoacture in the thermal ink-jet head.

2. Description of the Related Art

For example, Unexamined Japanese Patent Publication
No. Sho. 61-230954 discloses the flow channel structure of
a known thermal ink-jet head which includes a first
Si-gubstrate (heater substrate) and a second bi-substrate
(channel substrate) in which a heating element 15 formed in

the first Si-substrate, whereas nozzles and an ink reservoir
are formed in the second Si-substratz by using ODE

(anisotropic etching).

In the case of & therral ink-jet head as disclosed in
Unexamined Japamese Patent Publication No. Hei.
1-148560, the method of fornuing nozzles includes the steps
of preparing a nozzle unit and an ik reservoir in the form
of independent grooves to ensure that the length of each
nozzle is made controllable, and coupling them via a recess
(a bypass) provided in the polyamide layer of the first
Si-substrate. The ink flow channel of the thermal ink-jet
head thus formed tends to allow the ingpurities contained in
ink to gather in the bypass because the bypass is narrow and
curved. The problem in this case is that the nozzles ate easily
prevented from being supplied with ink. The foreign sub-
stances gathered in the bypass impair the supply of ink to the
nozzles and deteriorates the repeat jet characteristics of the
nozzles, thus making a jet drop smaller or otherwise ren-
dering ink jet completely impossible. These malfunctions
results in lowering image quality. On the other band, it is
extremely difficult vo prevent such foreign substances from.
mixing with ink or slipping into the head during the process
of manufacture; in other words, some foreign substances are
unavoidably mixed therewith.

In order to prevent image quality from deteriorating
because of foreign substance, for example, Unexamined
Japanese Patent Publication No. Hei. 5-124206 has proposed
to narrow an enfxy port of each individual ink flow channel
0 as to trap such foreign substances and provide a cornnon.
ink flow channel to supply ink flow channel instead of
relying on the ink flow channels clogged with foreign
substamces. Further, Unexamined Japanese Patent Publica-
tion No. Hei. 4-351842 has proposed to provide & comnuon
slit in a polyamide layer so as to supply ink from. the
cornmon slit when foreign substances gather in a bypass.

Moreover, in order to surely trap foreign substances, for
example, Japanese Patent Application No. Hei. §-246419
discloses an arrangement which includes the steps of dis-
posing a plurality of ink flow channels between the ink
rescrvoir of a channel substrate and individual nozzle
channels, and using not only a common slit provided in a
polyamide layer to couple the imdividual nozzle channels
with the ink flow channel but also a bypass provided. in the
polvamide laver likewise to couple the ink flow channel and
the ink reservoir together. A thermal ink-jet head of this type
ensures that foreign substances are trapped at the entry port
of the nozzle channel together with the bypass, Even if
foreign substances gather in this entry port, no detetioration
in jet characteristics occurs since ink is supplied from. the
cormmon. slit.
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However, in this type, since the whole length of the
channel is lengthened because of having the ink flow
channel, the resistance of the flow chamnel is increased,
thereby lowering the filling efficiency. In other words, the
frequency is ultimately lowered when printing is carried out.
Similarly, it results in making the head costly that the fow
Channel is lengthened. Consequently, the longer the flow
channel, the greater the length of the Si-device necessary for
forming the nozzles becomes and this also results in decreas-
ing the number of Si-devices available from one sheet of 51
wafer. An increase in the length of such a flow channel
would cause the production cost per device on the assump-
tion that the yield rate remains invariable.

Subsequently, Japanese Patent Application No. Hei.
5-209899 has proposed an arrangement in which a polya-
nuide wall is dispensed so that arecess in a bubble generating

resistive element is coupled to a common slit. With this

arrangement, a flow chiannel can be shortened to the extent
of the wall used to separate the recess in the bubble
generating resistive element from the common slit and
besides ink can smoothly be transfemred onto the bubble
oenerating resistive element. While the abilicy of trapping
forcigm substamoes in a bypass and the entry port of a nozzle
channel is maintained, the flow channel resistance is thus
redoced, whereby high-speed, stable ink-jetting can be per-
formed.

Notwithstanding, the arrangement disclosed in Japanese
Patent Application No. Hei. 5-269899 has presented a new
problem in that a mozzle-to-nozzle cross stroke is produced.
FIG. 8 illustrates a cross stroke phenomenon in a conven-
tional thermal ink-jet head and FI(. 9 15 a graphic repre-
sentation depicting printing frequencies and the nuwmber of
defective image quality in a solid printing unit. Im FIG. 8,
reference mumeral 21 denctes nozzle channels; and 24, a
common slit. FIG. 8 shows a recess ranging from. a bubble
generating resistive element to a comrnon slit and nozzle
channels formed in a channel substrate on the same plane;
there are shown three nozzle channels #1, 2, 3. When a
signal is applied to the bubble generating resistive element
of the nozzle channels #1 and 3, ink jets are being sent out
of the nozzle channels #1, 3. Although mo printing signal is
applied 1o the nozzle channel #2 at this time, the nozzle
channel #2 is sending small ink drops. As a result, an
unintended dot appears on paper, thus deteriorating image
guality and this is because the bubble pressure applied to the
adjoining nozzle channels #1, 3 is transritted via the
comenon slit 22 to the nozzle channel #2 as shown by arrows
in FIG. 8. This phenomenon does not occur when ink jets are
sent out of the whole nozzle channel but occurs in the case
of an every-other-dot pattern. For this reason, any tfrequency
liable to causing defects is improved in the solid printing
unit as shown by solid lines, in comparison with an ordinary
head as shown by dotted lines therein, Nevertheless, defec-
tive image guality has become conspicuons in the every-
othex-dot pattern.

With the arrangernent above, the bubble pressure gener-
ated on the bubble generating resistive element is directly
transmitted to the wall smrface of the groove in the polya-
mide layer. Since the common slit is provided along the wall
surface of the groove, the bubble pressure is directly propa-
gated to the common slit. The cross stroke is considered as
what has been produced accordingty.

On the other hand, Unexamined Japanese Patent Publi-
cation No. Hei. 5-116303, for exarople, discloses an ink-jet
recording head so designed that the bubble pressure gener-
ated on a bubble generating resistive element is prevented
from being tramsmitted to the rear of an ink flow channel. In
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this recording head, a flow channel in the rear of the bubble
generating resistive element is narrowed. With this
arrangement, since the bubble pressure generated on the
bubble generating resistive element is blocked in the narrow
portion of the flow channel, the propagation of the pressure
in the rear of the bubble generating resistive slement is
reduced. However, no consideration has been given to the
effect of foreign substances in the patent publication above.
Since the whole flow channel section is directly regunlated by
planar throttling in this thermal ink-jet head, moreover, the
flow channel resistance will increase if the low channel is
sxeessively narrowed, thus deteriorating the frequency
response characteristic of the ink jet.

-
1
L ]

SUMMARY OF THE INVENTION

Im view of the foregoing problems, it is an object of the
present invention to provide a thermal ink-jet head o
designed as to improve operating frequency by surely trap-
ping foreign substances and reducing the influence of a cross
stroke.

A themmal ink-jet head of the present invention 1s ¢om-
prised OF a heater substrate having bubble generating resis-
tive elements; a chanmel substrate having a plurality of
mozzle channels, an ink reserveir, and ink supplying
opening, the nozzle channels being formed in the channel
substrate to pass on the bubble generating resistive elements
and extends wp to a position close to an end portions of the
bubble generating resistive elements; a coupling flow chan-
nel for communicating with each nozzle channel, which is
provided between the plurality of nozzle channels and the
ink reservoir on the channel substrate; and a synthetic resin
layer provided on the heater substrate, the synthetic resin
layer having a groove which at least extending fromn an
upper part of the bubble generating element up to a position
where the groove is coupled to the flow channel formed in
the channel substrate.

According to the present imvention, the nozzle channel
formed in the channel substraie is passed on the bubble
generating resistive element and extended up to the rear end
of the bubble generating resistive element and the fHow
channel is provided in such a way as to communicate with
each nozzle channel betvween the plurality of nozzle chan-
nels of the channel substrate and the ink reservoir, and
further the recess provided in the synthetic resin layer is
extended from the upper part of the bubble gencrating
resistive elernent up to the position where itis conpled to the
flow channel with the effect of decreasing the whole length
of the nozzle. Moreover, foreign substances are trapped at
the entry port of the nozzle channel and defective innage
quality can be reduced by supplying ink in a roundabout way
to any portion where the flow of ink is obstructed because of
foreign substances with which the flow channel is clogged.
Further, the channel substrate is provided with the flow
channel and the ink flow channel is curved toward the
groove in the symthetic resin layer from the flow channel and
further curved to reach the upper part of the bubble gener-
ating resistive element, so that the bubble pressure generated

in the bubble generating resistive elernent is prevented from

directly propagating through the adjoining nozzle channels
via the flow channel. The cross stroke can thus be reduced.

BRIEF DESCRIPTION OF THE DRAWINCS
In the accompanying drawings,

FIG. 1is a schematic perspective view of a thermal ink-jet
head of a first embodiment of the present invention;
FIG. 2A is a sectional view of a flow channel in the

thermal ink-jet head of the first emlpodiment;
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FIGH 2B is a thres-side diagram of a flow channel in the
thermal ink-jet head of the first embodiment;
FIG. 3 is a partial enlarged view of a pit in the thermal

ink-jet head of the second embodiment;

FIG. 4 is an enlarged perspective view of the vicinty of
a pit in the thermal ink-jet head of the first embodiment;

FIGS. A and 5B are partial enlarged views of an example
of a design pattern of a polyamide mask;

FIGS. 6.A and 6B are illustrations of examples of forming
bubbles:;

FIG. 7 is a graphic representation showing frequency
in the thermal ink-jet head of the
first embaodiment:

FIG. 8 is an illustration of a cross stroke in a conventional
thermal ink-jet head;

FIG. 9 is a graphic representation showing printing fre-
quency and the number of image quality defects in solid
printing;

FIG. 10 is a schematic perspective view of a flow chan-
nel’s structure of a thermal ink-jet head of a second embodi-
ment of the present imvention;

FIG. 11 is a sectional view showing the flow channel at
the center of a nozzle in the thermal ink-jet head of the
second embodiment;

FIG. 12 is a plan view showing a structure of the flow
chanmel in the thermal ink-jet head of the second embodi-
ment;

FIGS. 13A and 13B are partial enlarged views of the
vicinity of a bypass pit in the thermal ink-jet head of the
second embodiment;

FIG. 14 is a partial enlarged view of the vicimity of a
sub-resexvoir in the thermal ink-jet head of the second
embodiment;

FIG. 15 is a graph showing the number of printing defects
when foreign substances are allowed to be mixed with ink;

FIG. 16 is a schexatic perspective view of a flow chan-
nel’s strocture of a thermal ink-jet head. of a third ermbodi-
mient of the present invention;

FIG. 17 is a sectional view showing the flow channel at
the cemter of a nozzle in the thermal ink-jet head of the third
ernbodiment; and

FIG:. 18 is a plan view showing a structure of the How
channel in the thermal ink-jet head of the second embodi-
rnent,

THE PREFERRED EMBODIMENTS
ENVENTION

The preferred embodiments of the present invention will
be described referring to the accompanying drawings as
follows.

FIG. 1is a schematic perspective view of a thermal ink-jet
head of a first embodiment of the present invention. FIC 2B

is a diagram illustrating three sides of the flow channel
structure. FIG. 3 is a partial enlarged view of a pit. F1G. 4
is an enlarged perspective view of a portion near a pit. In
these drawings, reference nurerals 1, la, 1b, lc designate
heating elements; 2, 2a, 2b, 2¢, pits; 3, 3a, 3b, 3¢, polyamide
walls; 4, a bypass pit; §, 8a, Sb, §c, nozzle channels; 6, a
coupling flow channel; 7, an ink reservoir; 8, a hreater wafer:
9, a polyamide layer; 10, a protective layer; 11 a channel
wafer; and 12, a channel pressure wall. FIG. 3 is an enlarged
view of the inside of a circle with a dotted line.

The thermal ink-jet head includes the chamnel wafter 11
and the heater wafer 8 on which the polyamide layer 9 1s

OF THE
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formed, these wafers being bonded together. The heater
wafer § is made of §i, for example, and contains a plurality
of heating elements 1a, 1b, 1e, ..., common and individual
electrodes (not shown) and the like. The protective layer 10
for protecting the electrodes is formed on the heater water 8
and, further, the polyamide layer 9 is formed thereon. Pits
2a,2b, 2, ... coupled to a coupling flow channel 6 from the
upper parts of the heating elements la, 1b, le, . . . and the
bypass pit 4 for coupling the ink reservoir 7 with the
coupling flow channel & are formed as grooves in the
polyamide layer 9 by etching or the like. On the other hand,
the channel wafer 11 is also made of 51, and the nozzle
channel 8a, 8b, 8¢, . . . , the coupling flow channel ¢ and the
ink reservoir 7 are formed thereon by QDE, for example.

The pit 2 slightly eats away the polyaride layer 9 in front
of the heating element 1 as shown in FICG. 2B. Moreover, the
piit 2 is configured so that it throttles the flow channel i
terms of a plane in the rear portion of the heating element 1.
Such a configuration can easily be attained by designing a
mask pattern on the polyamide layer 9 in confornuty with
the configuration of the pit 2. A position where the pit is
placed is gradually marrowed toward the heating elerent 1
firom the smallest blockage of the flow channel due to the
channel pressure wall 12 and mininuzed in terms of a plane
right behimd the heating element 1.

Further, the polyamide wall 3 formed at the joint between
the pit 2 and the coupling flow channel & have a semicircnlar
shape. Since the end of the extension of the pit & apparently
functions as a pressure reflective wall against the bubble
pressure generated in the heating element 1, a reduction in
the cross stroke can be achicved by rendering the end portion
thereof to have a nonlinear pressure-wave absorbing struc-
ture. Im order to actually design the circolar structure, a
polygonal structure is to be employed for a polyamide mask
pattern. FIGS. 8A and 8B illustrate partial enlarged design
patterns of such a polyamide mask by way of example. As
shown in FIG. SA, the sitnplest mask. pattern is triangular,
which is followed by what is pentagonal as shown in FIC.
5B. Therefore, the mask pattern does not have to be com-
pletely semicircular and in this enibodiment, an octadecagon
(18-sided structure) has been employed. The actually result-
ing polyamide wall 3 becomes substantially semdcircular
due to the restriction of yesolution.

On the other hand, a non-ctching portion between the
nozzle channel § and the coupling flow channel 6 is placed
at the rear end of the throttled portion of the pit 2.
Consequently, the tilted, or non-perpendicular channel pres-
sure: wall 12 is formed at the end of the nozzle channel 5
formed by ODE. As shown in FIG. 4, the channel pressure
wall 12 is such that the flow channel can be expanded
three-dimensionally in the throttled portion of the pit 2, thus
increasing the total cross sectional area of the flow channel
increases. Since the channel pressurce wall 12 is substantially
extended ap to the end of the heating element 1, it functions
as what controls the growth of the bubble produced on the
heating element 1 and reflects the bubble pressure in the
direction of an ink outlet,

The coupling fiow channel 6 of the channel substrate 11
is extended in the nozzle orientating direction so as to couple
a plurality of nozzles together. If ome of the individnal
bypass pits 4 is clogged with foreign substances or fails to
rmake ink flow smoothly therein, it is possible to supply ink
from an adjoining bypass pit 4 via the coupling flow channel
6. The coupling flow channel 6 may be set common to the
whole nozzle or otherwise provided for any one of the
groups of nozzles. In the latter case, though the adjoining

block-to-block cross stroke may be prevented, the supply of
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ink to the peripheral nozzles may be lower in quantity than
what is supplied to those in the central part.

-

The coupling flow channel 6 thus functions as an ink pool;
by this is meant that it has the effect of improving the supply
of ink to the nozzles. Therefore, it is preferred for the
coupling flow channel 6 to have a volume as great as
possible. The size of the coupling flow channel 6 i1s deter-
mined under the restriction of chip size.

Further, the coupling flow channel 6 has the effect of
attenuating the backward propagation of the bubble pressure
generated on the heating elernent 1. In other words, the
bubble pressure is caused to collide with the rear end of the
pit 2 so that the pressure is tuwmed upward, and further to
collide with the sidewall and wpper face of the coupling flow
channel & so as to be turned its direction again.
Consequently, the pressure applied to the ink reservoir 7 and
the adjoining nozzles is attemuated with the effect of decreas-
ing the cross stroke.

The bypass pit 4 is individnally provided for each nozzle.
However, the bypass pit 4 can be formed as a slit-like
oroove, Further, the bypass pit 4 can be constructed so that
an underside of the not-etching portion between the ink
reservoir T and the coupling flow channel 6 1s for common
use to make thenm individual openings.

As shown in FIG. 2A, ink flows from. the ink reservoir 7
via the bypass pit 4 and the coupling How channel 6 up to
the pit 2 and nozzle channel 5. There is provided a hlter in
two places where foreign substances can be trapped. Large
ones out of the foreign substances that have penetratad into
the ink reservoir 7 are trapped at the entry port of the bypass
pit 4. Although it is very rare for large foreign substances to
pass through that portion, they are still trapped at the entry
port of the coupling flow channel 6. As the foreign sub-
stances passing through the filter are extremely small in
quantity, the nozzle channel & is seldom clogged therewith
and the foreign substances together with ink are quickly
jetted from the nozzle. Bven when the foreign substances or
bublles are trapped at the entry port of the bypass pit 4 or
the coupling flow channel & to cause the bypass pit 4 to be
clogged therewith, ink can be supplied to any mozzle defi-
cient in ink supplementary by supplying ink from an adjoin-
ing nozzle or what is in the neighborhood thereof via the
coupling flow channel 6. Tt is thus possible to cornpensate
for deficiency in the supply of ink to the extent that actal
image quality is distinguishable.

The ink made to flow into the pit 2 is passed through the
throttled portion of the pit 2 to be supplied onto the heating
element L. Although the flow channel in plane of this portion
is pamow, the fotal sectional area of the flow channel is
increased as it is widened three-dimensionally by the chan-
nel pressure wall 12 to prevent the flow chanmel resistance
from increasing. Consequently, ink is supplied onto the
heating element 1 via the throttled portion of the pit 2 and
along the channel pressure wall 12 after the bubble is
produced on the heating element 1 to ensure that the ink: is
smoothly refilled. The frequency response characteristic of
the ink is never deterioratzd.

When the bubble is produced on the heating element 1, a
good bubble can be formed in accordance with the configu-
ration of the pit 2 around the heating element 1 as noted
previously. FIGS. 6.A and 6B illustrate processes of formung,
a bubble by way of example. In the case of such a conven-
tional thermal ink-jet head as disclosed in Japanese Patent
Application No. Hei. 5-260899, for example, pits 2a, 20, 2c
have been coupled directly to the common slit from above
heating elements 1z, 1&, Le. . ., 1espectively. In this case, the
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orowth of the bubble is controlled by the wall of the forward
pit, whereby the rear side of the heating element i1s free.
Consequently, as shown in FIG. 6B, the bubble grows
rearwardly and its pressure is allowed to escape rearwardly.
In this embodiment, the front portion of the heating element
is slightly removed and the rear side thereof is throttled so
that the growth of the bubble is somehow orientated in the
ink jetting direction as shown in FIG. 6A. Thus the bubble
pressure is efficiently wtilized, whereas the propagation of
the pressure in the direction of the coupling flow channel 6
is reduced.

Referring to FIG. 2B, a detailed description will subse-
quently be given of a thernal ink-jet head of the present
invention. The nozzle channels $a, 5b, Sc may be disposed
at a density of 300 spi, for example. Moreover, the length a
of the mozzle in the polyamide layer 9 is approxinnately 113
nrn and the width b of the channel layer is approximately 54
pm. The length ¢ of the removed portion in front of the
heating element 1 of the pit 2 is set at approximately 10 pm,
for example. The width of the flow channel of the pit 2 right
under the channel pressure wall 12 is about 54 pm; this is the:
narrowest portion having the dimensions defined by the
vwidth of polyaride opening and the thickness of polyamide,
namely, 54>25 pm. The configuration of the polyamide wall
of the pit 2 is made octadecagonal as mentioned above,
which is ¢close to semicircular,

The throttled portion of the pit 2 is prepared by reducing
its one side e right under the channel pressure wall 12 by
about 15 pno, 30 pm in total. In other words, the plane of the
flow channel of the pit 2 is reduced to about 44% toward the
heating element 1 from right under the channel pressure wall
12. The length £ of the flow channel from the starting pouot
of throttling wp to the immediate end of the heating element
1 ranges from the stacting point of throttling, that is, a
starting position where the channel pressure wall 12 is
formed up to the immmediate 2nd of the heating element to the
immediate end of the heating elernent, which 15 about 34 poo.
Further, the width g of the pit 2 in the portion of the heating
element 1 is about 60 um and with respect to the width of the

pit 2 on the heating element side 1, the width of the throttled

opening is reduced to 40%. The shortest length h of the
non-etching portion between the nozzle channel & and the

coupling flow channel 6 is about 15 pim, whereas the shortest

length i of the non-etching portion between the couplhing
fHow chamnel 6-and the ink reservoir 7 is set at about 10 pmn.

With respect to the coupling fiow channel 6, the bottom

side j of a trapezoid in cross section thereof 1s set about 110

. A satisfactory effect can be obtained from the size

mentioned above, Moreover, the height k of the coupling
flow channel 6 is determined by the etching tinne of the
channel plate, which is approximately 60 pno.

The sum of the width 1 of the opening of the bypass pit 4

which functions as a filter for trapping foreign substance:

and the thickness m of the adjoining partitions is 84.5 m
equivalent to a nozzle arranging pitch. The length n of the
opening on the ink reservoir side 7 separated by a channel
partition 21, that is, the length of a first filter is 60 pm, and
the length o of the opening on the coupling flow channel side
6, that is, the length of a second filter is 44 pm. The shortest
pit 4, that is, the:
length of the portion on the central Line of the flow channel

space p between the pit 2 and the bypass

ﬁ

of FIGr, 2B is 20 pm. The wholelength Q from the end of the

nozzle up to the chanmnel partition 21 is 410 pm.

FIG. ' is a graphic representation illustrating frequency
response characteristics in the thermal ink-jet head accord-

ing to the present invention, In. FIG. 7, there is shown a
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refation between printing frequency when an every-other-
dot pattern is printed and the nwmber of defects brought
about. In the case of the conventional head, image quality
has been affected seriously even by a low printing frequency
when such an every-other-dot pattern is printed. However, as

|

shown in FIG. 7, no defects are seen 1o result from a high

printing frequency, which has heretofore caused defects very

often, and desired image quality is maintained by the ther-

mal ink-jet head according to the present invention.
Therefore, it has become possible to greatly improve prob-
lematical defect-causing frequencies

in half tone in any
other conventional heads. More specifically, operations

ranging from 10 to 12 kHz are practically performable
without any difficulty. In other words, approximately 20 Kz
is possible as printing frequency im a character mode as it

does not require a flow rate so much: in the case of solid or

half tone.

As set forth above, according to the present invention, the
flow channel stmctire functioning as what is capable of
trapping foreign substances and the like prevents the nozzle
from. being clogged up and even when such foreign sub-
stances are trapped, the coupling flow channel 15 wsable for
supplying ink. Good image quality can thus be maintained.
Mareover, the groove structure in the polyamide layer
together with the coupling flow channel makes it possible to
generate bubbles with stability and to suppress the propa-
yation of the bubble pressure rearwardly. As the bubble
pressure is effectively utilizable, the cross stroke is also
reducible. Consequently, good image quality 15 obtainable
even when an every-one-dot pattern is printed and operating
frequencies are improved with the effect of making a high-
speed printer available, Since the whole length of the flow
channel i3 short, the device is reducible in size and thas
results in securing more substrates per wafer inexpensively.

FIG. 10 is a pexspective view of a flow channel structure
in a second embodiment of a thermal ink-jet head of the
present invention. FIG. 11 is a sectional view of a flow
channel in the center of a nozzle. FIG. 12 is a top view of
the flow channel structure. FIG. 13 is a partial enlarged view
of the vicinity of a bypass pit. FIG. 14 is a partial enlarged
view of the vicinity of a sub-reservoir. Reference numerals
101, 101la, 101b, 101c denote heating elements; 102, 102a,
102h, 102¢ pits; 103, a bubble; 104, 104, 1045, 104¢
bypass pits; 104, a nozzle channel; 106, a sub-reservoir; 111,
foreign substance; and 112, 112«, 1125, 112¢ ink flow
channels.

The thernzal ink-jet head includes a channel waler 110 and
a heater wafer 108 on which a polyamide layer 109 is
formed, these wafers being bonded together. The heater
wafer 108 is made of 9i, for example, and contains a
plurality of heating elements 10la, 1015, 10lc, . . .,
conmmon and individual electrodes (not shown) and the like.
The polyamide layer 109 is formed on the combination of
these wafers. Pits 102, 1026, 102c, . . . for defining an area
for forming the bubble 103 are formed on the heating
elements 101a, 101b, 101c, . . . . Further, together with the
pits, ink flow channels 112q, 1125, 112c for coupling nozzle
channels 105q, 1055, 10&5¢ with the sub-reservoir 106, and
bypass pits 10da, 104b, 104c, . . . for coupling the ink
reservoir 107 and the sub-reservoir 106 are formed on the
polvamide layer 109 by etching, for example, On the other
hamd, the channel wafer 110 is also made of Si, and the
nozzle channels 105q, 1055, 105¢, . . ., the sub-reservoir 106
and the ink reservoir 107 are formed by ODE, for example.
The sub-reservoir 106 is extended in the orientating direc-
tion of the nozzles. One sub-reservoir common (o the whole
nozzle may be provided or otherwise provided for nozzles
on a group basis. |
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Ink is made to flow from the ink reservoir 107 via the:
bypass pit 104 to the sub-reservoir 106 as shown in FIG. 11.
The portion of the bypass pit 104 is curved and narrow in
cross section, and also functions as a filter to ensure that
forcign substances 111 are trapped therein. As a specific
example of the bypass pit 104, for exanaple, the length 1.2 of
the ink reservoir side 107 is set at 40 pmy; the length L1 of
the sub-reservoir side 106 at 40 pno; and the length 1.3 of the
projected portion of the channel substrate 10 at 20 pm. As a
miinirnum sectional portion, the width W is set at 50 pum. and
the height HI1 at 20 pm to form a rectangle. The shape of
foreign substances flowing in are mostly fibrous and they
collide with and trapped by the polvamide wall on the
sub-reservoir side 106 of the bypass pit 104. Other kinds of
large foreign substances and air bubbles are trapped by an
opening on the ink reservoir side 107 and those which are
passed through this portion are trapped by the munimum
sectional portion under the projected portion of the chaanel
substrate  110. Evenm when such foreign substances are
trapped by part of the bypass pit 104, the sub-reservoir 106
will never suffer from the shortage of ink since ink is
supplied from any other portion to the sub-reservoir 106.

The ink supplied to the sub-reservoir 106 is brought into
the nozzle channel 105 via the ink flow channel 112, 1F large
foreign substances or air bubbles are trapped in the ink flow
channel, the fiuid resistance increases to result im msuthcient
supply of ink to the nozzle. Inferior ink-jetting such as a
reduction in dot size and mis-jetting is thus caused. Accord-
ing to the present invention, however, foreign substances
and air bubbles ace trapped by the bypass pit 104 and as for
an individoal nozzle, ink is supplicd from. the sub-reservoir
106 as a comrnon liquid chamber. Consequently, even
though a part of the bypass pit 104 is clogged with foreign
substances, the supply of ink remains wnaffected thereby. As
shown in FI{:. 1d, the sub-reservoir 106 1s a commmon slit
which is trapezoidal in cross section. For example, the
length L4 of the base is set at 120 pmn and the height LS at
70 pm to form the sub-reservoir 106, Like the specific
example of the bypass pit 4 above, the polvarmide layer 109
is about 20 pm in height, whereas the height of the sub-
eservoir 106 may be about 70 pmm or greater, whereby a
sufficient quantity of ink can be stored therein. Therefore,
ink can e supplied to the nozzle chanmel at low channel
resistance in comparison with the comrmmunicating channel or
the common slit conventionally provided in the polyvamide
layer. The operating frequency is thus inproved.

FIG. 15 is a graph showing the number of printing defects
when foreign substances are allowed to be mixed with ink.
As a conventional example, used is a conventional head
having no sub-rescrvoir, which supplies ink to the nozzle
channel using only an individual bypass pit. As is apparent
from FICs. 15, a comparison between the conventional head
and what embodies the present invention reveals that the
mixture of foreign substances has not brought about almost

"'Il-

any defects. Since the imk supplied to the head is passed ss

through a filter provided separately, a large quantity of
foreign substances doring the experiments is not actually
mi%ed in the ink. In the case of the structure in the second
embodiment of the present invention, moreover, even if a
ink: supplying channel which has been conventionally pro-
vided is not used, image quality is not badly affected by
foreign substances, thereby improving suflicient resistance
to- foreign substances. In other words, it is feasible 1o
decrease not only the number of parts but also production
COSLS,

FIG. 16 is a perspective view of a flow channel structure
in a third embodiment of a thermal ink-jet head of the
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invention. FIG. 17 is a sectional view of a flow channel in
the center of a nozzle. Fl(y, 18 is a top view of the flow
channel structure. In these drawings, like reference charac-
ters designate Like members of FIGS. 10 through 14 and the
description thereof will be omitted. In the third embodinnent
of the present invention, the pit 102 and the ink flow channel
112 in the second embodiment thereof are coupled together
to form. am integral pit 102, With this arrangement, the whole
channel length can be reduced to the extent of the wall of the
polyanuide layer used to separate the ink How chanmel 112
from the pit 102 in the second embodiment of the present
invention.

If the channel is long, the channel resistance increases and
filling efficiency of ink lowers, thus causing the printing
frequency to be also lowered. If, moreover, the channel is
long, the length of the Si-device for use as a subsirate
increases. Consequently, the number of substrates obtain-
able from one Si-wafer is reduced and the cost of one nozzle
device rises if the channel is long on the assumption that the
yield ratio is the same. According to the third embodiment
of the present invention, the channel resistance is lowered as

the chamnel length cam be decreased and the operating
frequency is made improvable. Moreover, it is possible to

offer inexpensive nozzle devices.
Ewven in the third embodiment of the present tavention, the

bypass pit 104 fiunctions as a filter and when ink flows from
the ink reservoir 107 via bypass pit 104 to the sub-reservoir

106, forcign substances in the ink are trapped by a part of the
bypass pit 104. When the foreign substances are trapped by

that part of the bypass pit 104, ink is supplied from the

sub-reservoir 106 via the pit 102 onto the heating element
101 and the nozzle channel 105, so that image quality is

prevented from deteriorating. Further, ink: is supplied onto

the heating element 101 sirnultaneously with the parallel
movement of ink. Thercfore, the flow channel resistance is
lower than a case where ink is supplied wvia the nozzle
channel 105 to the pit 102 as in the second embodinment of
the present invention. Thus ink can be refillled at high speed
and the operating frequency is also made improvable.

With the amrangement in the third embodiment of the
present invention, the end of the nozzle channel 105 is
located on the pit 10:2. When the whole channel is shortened,
the end of the nozzle channel 105 may be located near the
end portion of the heating element 101. As the nozie
channel 108 is formed by QODE, its end portion forms a tilted
face. By locating the titled face close to the end portion of
the heating element 101, the shape of the bubble produced
on the heating element 101 is controlled. The bubble pres-
sure is reflected from the tilted face and directed to the
openimg of the nozzle, so that the bubble pressure is effec-
tively utilizable.

With the arramgement shown in the second and third
embaodiments of the present invention, the provision of the
bypass pit 104 or 104 corresponds to each nozzle, However,
the location of the bypass pit 104 or 104 is nct lumated to the
example above and besides the number of bypass pits may
be greater or smaller than that of nozzles. Since the bypass
pit functions as a filter, even small foreign substances can be
trapped by increasing the nunober of biypass pits. However,
an increase in the number of bypass pits may resuli in
increasing the flow channel resistance as the bypass pit 104
or 104 is also used as an ink Aow channel. For this reasomn,
these bypass pit 104 should be installed n an optinumm range:
in consideration of the conditions stated above.

What is claimed is: |

L. An ink-jet recording apparatus comprising:

a plurality of ink-jet portions, each ink-jet portion having

a nozzle channel which has a jetting opening for jetting
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ink therefrom and an end portion remote from said
jetting opening, a recess provided in said nozzle
channel, a heat resistive clement provided in said recess
and an ink chamber located beneath said end poxtion to
communicate with said recess, said ink chamber having
a nonlinear surface;

a coupling means for coupling each ink chamber; and

an ink reservoir communicating with said coupling means
for providing ink to each ink chamber.

2. An ink-jet recording apparatus as claimed in claim 1
wherein said end portion in said nozzle has a non-
perpendicular surface.

3. An ink-jet recording apparatus as clainxed in claim 1,
wherein said recess has a base larger than that of said heating
resistive element and said heating resistive clement 18
located opposite to said ink-jet portion.

4. An ink-jet recording apparatus as claimed in claim 1,
wherein said end portion in said nozzle is provided in a
position corresponding to said ink chamber.

&. An ink-jet recording apparatus comprising:

a heater substrate having a plurality of bubble generating,
resistive elements;

a channel substrate mounted over said heater substrate
and having a plurality of nozzle channels, an ink:
reservoir, and an ink supplying opening,

a sub-reservoir provided between and in corumunication
with each of said mozzle channels of said channel
subsirate and said ink reservolr;

a synthetic resin layer provided. on said heater substrate;

a plurality of first grooves on said layer for coupling each
of said nozzle channels and said sub-reservoir, cach of
said first grooves corresponding at least to a nozzle
channed formed on said channel substrate; and

a plurality of second grooves on said layer for coupling
said ink reservoir and sub-reservoir,

6. A ink-jet recording apparatus as clamed io claim 3,
wherein said first grooves for coupling each of said nozzle
channels and said sub-reservoir couples with a recess pro-
vided on said bubble generating resistive elements.

7. A thermal ink-jet bead comprising:

a heater substrate having a plurality of bubble generating
resistive elements;
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a channel substrate mounted over said heater substrate
and having a plurality of nozzle channels, and an ik
reservoir, said nozzle channels each being formed in
said channel substrate over a corresponding one of the
bubble generating resistive elerents and extending
from an emnd portion of said corresponding bubble
generating resistive element toward said reservoir;

a coupling flow channel in said channe]l substrate in
communication with each of said nozzle channels, andl
providing flow comrmunication between said pluraliry
of nozzle channels and said ink reservoir, said coupling
flow channel and said reservoir each extending along
said chanmnel substrate and having a wall therebetween,
and

a synthetic resin layer provided on said heater substrate,
said synthetic resin layer having a plurality of a grooves
formed therein for coupling said nozzle channels and
said ink reservoir, each groove extending at least
bencath a corresponding nozzle chamnel fromn said
bubble generating element to a position where said
groove is coupled to said coupling flow chanmnel,
wherein each of said grooves has a sectional area which
is reduced along the direction of orientation of said
corresponding nozzle chanmel in the distance from the
bubble gencrating resistive element up to the flow
channel, and each of said plurality of nozzle channels
has a tilted surface, the area of which is expanded both
in the direction of crientation of said nozzle channel
and in a direction perpendicular to the direction of
orientation of said nozzle channel.

8. An ink-jet recording apparatus as claimed in claim 7,
wherein said ink reservoir has a portion whose width is
partially narrowed.

0. A thermal ink-jet head as claimed in claim. 7, wherein
cach of said nozzle channels extends along a corresponding

s bubble generating resistive element to a position where the

nozzle channel is coupled with said flow channel and forms
a face which is not perpendicular to the of orientation of said
mozzle channel.

10, A thermal ink-jet head as claimed in claim 7, wherein
the sectional area of each of said grooves increases along the
length of said grooves from said bubble generating resistive
element to said flow channel.
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